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Abstract. —
Forty-three of the 82 Afrotropical ant genera (52%) have been revised to modern

standards resulting in a 50% increase in number of species. There are currently 1705 species of

ants known from the Afrotropical region, a figure that could increase to over 2136 species if all

ant genera receive a modern revision. To incorporate all undescribed species, total Afrotropical
ant species richness was calculated by extrapolating from data on the proportion of undescribed

species collected at Mkomazi GameReserve in Tanzania and the Cape of Good Hope section of

the Cape Peninsula National Park in South Africa. On this basis there are an estimated 3105 species

of ants in the Afrotropical region, with 45% undescribed or currently occupying an infraspecific

taxonomic rank. This extrapolation assumes that the average range sizes of described and unde-

scribed species are similar, which in reality is unlikely because widely distributed species are

more likely to have been collected and described. I present a method that distinguishes between

widespread and localised species to correct for this problem, which extrapolates 4093 Afrotropical
ants species, with 58% of species estimated to be undescribed or currently recognised only at

infraspecific rank. It would take a highly productive systematist at least 21 years to complete
revisions of the unrevised ant genera. A strategy is presented for improving specimen collection

and taxonomy of Afrotropical ants.

Until recently, working on the taxono-

my of ants and identifying them to genus
was hindered by poor, out-dated cata-

logues and inadequate keys. Ant system-
atists, however, now have three books that

provide a synthesis of our current knowl-

edge: Bolton has produced keys to ant

genera of the world (Bolton 1994) and a

catalogue of world ants (Bolton 1995b)
and Ward et al. (1996) have provided a

thoroughly researched bibliography of ant

taxonomic literature. In addition, the book

by Shattuck (1999) makes identification of

Australian ant genera much easier than

before.

Despite the relative ease with which

ants can now be identified to genus, spe-
cies identification is much more difficult

because many ant genera have not been

recently revised. Species-level identifica-

tions in recently revised genera can also

be problematic when such revisions are

based on collections with limited geo-

graphic coverage that omit species and

population variation. Older taxonomic

works (mainly pre-1965) are difficult to

use for identifying species because they
are often burdened with poorly applied

quadrinomials (genus, species, subspecies,

variety) that do not correspond with evo-

lutionary relationships. With the catalogue

by Bolton (1995b), the bibliography by
Ward ct al. (1996), and a wealth of new
material collected using modern survey
methods, the tools are available to tackle

the revision of neglected ant genera. How-

ever, at present there is no strategy in

place for accomplishing this remaining
work and basic information on approxi-

mately how much work remains is nec-

essary for establishing goals and priorities.

Although Bolton (1995a) has provided a
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taxonomic and zoogeographical census of alternative approach, which involves dis-

documented ant diversity, he did not as- tinguishing between widespread and lo-

sess the current taxonomic health of all calised species, is presented here to ad-

ants, nor does he address the issues of the dress the problem of range size differences

proportion of ant genera that lack modern between described and undescribed spe-

taxonomic treatment, and the effort that cies.

such treatment will require. The Afrotropical region is defined here

In addition to our inability to estimate according to Bolton (1994) as Africa south

the effort that will be required to revise all of the Sahara and the southern half of the

ant genera to modern taxonomic stan- Saudi Arabian Peninsula. Madagascar and

dards, we are also unable to reliably esti- its nearby islands are excluded. Our
mate how many ant species exist and how knowledge of the ant fauna of this region

many are undescribed. On a world level, is the product mainly of the following tax-

Gauld & Bolton (1988) estimated 15,000, onomists (see Ward et al. 1996 for publi-

and Holldobler and Wilson (1990) esti- cation details): F. Smith (1851-1879); Mayr
mated 20,000 species in total, these esti- (1853-1908); Forel (1869-1920's); Emery
mates being largely intuitive. By the end (1869-1926); Santschi (1906-1941); Arnold

of 1993, 9538 described valid ant species (1905-1962, including "A monograph of

in the world were recognised (Bolton the Formicidae of South Africa", pub-

1995a), so according to the above two es- lished 1915-1926); Brown (1943-1995); and

timates, 36-52% of ant species either re- Bolton (published 1969 to present),

main undescribed or currently occupy an The present paper is aimed at establish-

infraspecific rank. ing the current level of taxonomic knowl-

Estimates of total diversity are often edge of Afrotropical ant species by assess-

made using data from particular localities ing the proportion of ant genera that re-

where it has been possible to estimate the main to be revised to modern taxonomic

proportion of species that are unde- standards and the effort required to un-

scribed, and to use this proportion to ex- dertake these revisions. In addition, I es-

trapolate to a wider level (e.g. Hodkinson timate total ant species richness in the Af-

and Casson 1991, Hodkinson 1992 for He- rotropical region using data on the pro-

miptera). This approach implies that the portion of undescribed species collected at

average range sizes of described and two widely separated localities in Africa,

undescribed species are similar (Hodkin- namely Mkomazi Game Reserve in Tan-

son and Hodkinson 1993; Hammond zania and the Cape of Good Hope section

1995). In practice, this is highly unlikely as of the Cape Peninsula National Park in

widely distributed species are more likely South Africa. At both sites, ants have been
to be captured and described than species intensively collected using a variety of

with more localised distributions. Hodkin- methods, thereby increasing the probabil-
son and Hodkinson (1993) examined this ity that the observed ratio of undescribed

problem by comparing data from two to described species is a good estimate of

sites and providing a statistical test of the ratio for those species that have not

whether the probability of capture of de- been collected. I conclude by suggesting a

scribed species was different from the strategy for improving both the collecting

probability of capture of undescribed spe- and the taxonomic treatment of Afrotrop-
cies and then using the ratio of these two ical ants,

probabilities to adjust the final estimate of

species diversity. The outcome of such a METHODS

comparison depends largely on the simi- Estimation of species number increment

larity and proximity of the two sites. An from revision of genera.
—

I divided the Af-

Yfti«*i
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rotropical ant genera between those that

have received a modern revision (defined
here as from 1965 onwards) and those that

have not; revisions prior to 1965 are either

incomplete or use the old quadrinomial

system. Genera represented only by intro-

duced species (Linepithema humile (Mayr),
Wdsmannia auropunctata (Roger)) have
been excluded. Genera that have received

a modern revision are henceforth referred

to as 'revised genera' and the remaining

genera as 'unrevised genera'. For each re-

vised genus I calculated the species incre-

ment coefficient, i.e. the number of valid

species divided by the number prior to re-

vision. Descriptions of new species and
the raising of subspecies to species in-

creased the increment coefficient whereas

synonymising of previously valid species
decreased it. Lowering of rank from spe-
cies to subspecies was not encountered in

any of the revisions. In genera which have
received more than one revision since

1970 (e.g. Ocymyrmex), I calculated the

number of valid species before the first re-

vision and the number by completion of

the last revision. Subsequent papers de-

scribing additional new species in revised

genera were also included in the analysis.
An increment coefficient for all revised

genera was calculated based on the total

number of valid species before and after

for all revisions and new descriptions.
For unrevised genera, I counted the

number of valid species and multiplied
this by the increment coefficient for re-

vised genera to arrive at an estimate of the

total number of species after revision. The
total species for the revised genera plus
this estimated value for the unrevised

genera gives the 'Total estimated revised

species'.

Estimation of total species richness. —An
estimate of total ant species richness in the

Afrotropical region was obtained by de-

termination of the proportions of de-

scribed and undescribed species in Mkom-
azi Game Reserve, Tanzania, and in the

Cape of Good Hope section of the Cape
Peninsula National Park, South Africa.

Ants were collected in Mkomazi Game
Reserve using pitfall traps, malaise traps,
Winkler bag leaf litter extractions, soil

sieving, light traps, sweeping, and collect-

ing by hand (Robertson 1999). Mkomazi
GameReserve has a wide range of vege-
tation types such as grassland, open and
closed woodland, and hilltop forest. It lies

in a region that does not have a long his-

tory of ant collecting although the vege-
tation types it contains have been sampled
in other regions such as Kenya and Zim-
babwe.

The Cape of Good Hope section of the

Cape Peninsula National Park consists of

mesic mountain fynbos, west coast strand-

veld and a few relict small patches of in-

digenous evergreen forest. Because of its

position near the southern tip of Africa,

many naturalists have collected in the

Cape Peninsula and one might thus expect
the ant fauna to be well known. However,

many cryptic species went unnoticed until

the recent systematic use of collecting
methods such as pitfall trapping and
Winkler bag leaf litter extraction.

For each of these two localities, I deter-

mined the ratio of undescribed species
that belong to revised genera:

Therefore

U/K = u/k

U = u(K/k)

where U is the number of undescribed

species in the Afrotropical region, u is the

number of undescribed species at the lo-

cality, K is the number of known (i.e. val-

id) species in the Afrotropical region and
k is the number of known species at the

locality. As already discussed, this ap-

proach assumes that the average range
size of known and undescribed species is

similar (Hodkinson and Hodkinson 1993;

Hammond 1995) which in reality is un-

likely because widely distributed species
would be more likely to have been col-
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lected and described. In order to reduce years from 1972 to 1987 he worked single-

the bias, I arbitrarily categorised all mindedly at revising various ant genera,

known Afrotropical species in revised For each of his taxonomic publications

genera between 'widespread species' that during this period, irrespective of whether

have recorded distributions over three or they concerned Afrotropical ants, I record-

more countries and 'localised species' that ed the number of valid species before the

have been recorded from only one or two revision, the number of new species de-

countries (based on information obtained scribed and the number of valid species

from the revisions as well as from records resulting from the revision. The number of

in the South African Museum ant com- valid species in an unrevised genus divid-

puter database). The average range size of ed by the average number of initial valid

the localised species is likely to be more species processed per year by Bolton,

similar to the average range size of the un- gives the number of years it would take

described species than that of all known to revise the genus (at maximum produc-

species together. By reducing the bias in tivity).

this wav, the ratio of undescribed to lo-

calised species at an Afrotropical level

should therefore be similar to the ratio of Estimation of species number increment

undescribed to localised species at a local from revision of genera.
—Modern revision

level and therefore of 43 (52%) of the Afrotropical ant genera
... has resulted in an overall 50% increase in

number of species, so that the number of

where, for recently revised genera, L is the species at the completion of the revisions

number of localised known species in the was 1.5 times greater than the initial num-

Afrotropical region and 1 is the number of ber (Table 1). At the one extreme are gen-
localised known species at a particular lo- era such as Anochetus, Psalidomyrmex, Pris-

cality. tomyrmex and Platythyrea that decreased in

Accumulation of described species as afunc- number of species as a result of species
tion of collecting date. —As an alternative being synonymised in the revision. At the

way of assessing the proportion of ant other extreme are genera such as Axinidris,

species that are still undescribed, for a Cyphoidris, Ocymyrmex, Paedalgus, Pyrami-

sample of revised genera I recorded the ca and Strumigenys that more than dou-

year the type was collected for each valid bled in size mainly as a result of the de-

species and plotted the accumulation of scription of new species,

species as a function of collection date. There are 862 valid species in the 39

The collection date was not recorded for (48%) unrevised Afrotropical genera (Ta-

many of the earlier types and for these I ble 2) and as the initial number of species
used the publication date instead. The ear- in the revised genera amounted to 561

ly ant taxonomists such as Emery and For- (Table 1 ), based on the relative number of

el usually provided descriptions for new species we are therefore about 39% of the

species within one or two years subse- way through revision of the genera to

quent to their collection. modern standards. Revision of the unre-

Time taken to revise genera.
—In order to vised genera over a similar time period as

estimate the time that it would take to re- the revised genera would have swelled
vise the unrevised ant genera, I analysed the number of species from 862 species to

the productivity of the world's most pro- about 1293 (Table 2). Together with the

ductive ant systematist, Barry Bolton, who 843 species in the revised genera (Table 1)

has also done most of the revisionary there is a total of 2136 estimated revised

work on Afrotropical ants. During the 16 species, an increase of 20% over the 1705

Ihnaut
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Table 1. List of the Afrotropical ant genera that have received one or more modern taxonomic revisions

(1965 onwards). The initial number of valid species before the first modern revision, the final number of valid

species known at present, and the increment coefficient (used in Table 2) are shown.
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Table 2. Afrotropical ant genera that have not received a modern taxonomic revision. The number of

estimated species after revision was calculated by multiplying the number of valid species currently known

by the Increment coefficient (1.5) in Table 1. The minimum years to revise a genus is calculated on the basis

that B. Bolton processed species (i.e. the number of species before a revision) at a rate of 42/year.

Acropyga

Aenictogiton

Aenictus

Amblyopone

Anoplolepis

Asphinctopone

Camponotus (excl. fulvopilosus-gioup)

Carebara

Cataglyphis

Centromyrmex

Cerapachys

Crematogaster

Cryptopone

Discothyrea

Don/Ins

Ecphorella

Hypoponera

Lepisiota

Leptanilla

Myrmicaria

Mystrium

Oecophylla

Oligomyrmex

Pachycondyla
Paratrechina

Phasmomyrmex
Pheidole

Pheidologeton

Phrynoponera

Plagiolepis

Prionopelta

Proceratium

Pseudolasius

Santschiella

Solenopsis

Streblognathus

Tapinoma
hi hnomynnex

Tetraponera

Total

Number of
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Table 3. Ant species diversity and composition in Mkomazi Game Reserve in Tanzania, Cape of Good

Hope section of the Cape Peninsula National Park (CGH) in South Africa, and in the Afrotropical region as

a whole.
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Table 4. Estimates of total ant species diversity in the Afrotropical region, based on the proportion of

undescribed species in Mkomazi GameReserve in Tanzania and in Cape of Good Hope section of the Cape
Peninsula National Park (CGH) in South Africa (Table 3). The first estimate uses the ratio of total known

species at a regional and local level and the second the ratio of localized known species (defined here as

species that have been recorded from only one or two countries) at a regional and local level (see Methods

for explanation of formulae).

Estimated using data from:

Mkomazi CGH Both sites

1. Revised genera, based on total known species

No. undescribed species (=uK/k) 376

Total species 1219

Ratio Total /Known 1.4462

2. Revised genera, based on localized species

No. undescribed species (
= uL/l) 1566

Total species 2409

Ratio Total /Known 2.8577

Estimated total species in all genera
1

Based on (1) above 3089

Based on (2) above 6104

%new species or species currently at infraspecific rank 2

Based on (1) above 44.8

Based on (2) above 72.1

401
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Table 5. Number of ant species revised and de-

scribed by B. Bolton over a 16 year period (includes

an extra year to account for the preparation time for

the 1973 publications). Initial species refers to the

number of valid species before the revision began.

Average number initial species processed per year
=

672/16 = 42.

Year

published



80 Journal of Hymenoptera Research

genera recorded at the two localities in the

present study.
On the basis that 18% of the world's de-

scribed ant species are found in the Afro-

tropical region (calculated from Bolton

1995a), the species diversity estimates pre-

sented here can be extrapolated to a world

level to give an estimated world diversity

of between 17250 and 22739 species. How-
ever, as the Nearctic and Palaearctic ant

faunas are much better known than those

from other regions, the 18% Afro tropical

ant species is likely to be an underesti-

mate.

Progress with sampling of ants in Africa.
—

Awareness about the threats to biodiver-

sity have increased funding for inventory-
based conservation research and as ants

are a favoured indicator taxon (Andersen

1997), there has been a consequent tre-

mendous recent growth in ant collections.

Intensive sampling projects in the Afro-

tropical region include: Mbalmayo Forest

Reserve in southern Cameroon (Watt et al.

1997); coastal and interior forest in Gabon

(Fisher, in prep.); Mkomazi GameReserve

in Tanzania (Robertson 1999); Cape of

Good Hope, Robben Island, Brenton-On-

Sea, Fairfield Farm near Napier, Kogel-

berg Biosphere Reserve, and other sites in

the Cape fynbos, South Africa (Robertson
and co-workers, in prep.); Cape indige-
nous evergreen forests (Fisher, in prep.);
Mondi Estate in Kwazulu-Natal (Fisher, in

prep.); and widespread pitfall trapping by
E. Marais in Namibia. However, there are

still enormous gaps in our coverage.
Countries such as Angola, Mozambique,
Malawi, Zambia, Central African Repub-
lic, Ethiopia and Sudan have yet to be

sampled using modern inventory tech-

niques. Even the best sampled countries

such as South Africa and Zimbabwe re-

main patchily sampled and there is not

one country in the Afrotropical region
where ants have been sampled adequately
in all major vegetation regions.

Future strategies for collecting.
—The best

approach to adequately sampling the ants

of a large area such as the Afrotropical re-

gion is through intensive inventory-based

sampling of particular localities by general

collecting and a combination of replicated

pitfall trapping, Winkler bag leaf litter ex-

tractions, beating or sweeping of vegeta-

tion, chemical knockdown of arboreal fau-

na and soil sampling. The use of replicable

sampling methods makes it possible to

statistically compare sites using tech-

niques described in Colwell & Codding-
ton (1994) and Chazdon et al. (1998) and

in this way to make scientifically based as-

sessments of alpha, beta and gamma di-

versity. Fisher (1996, 1998, 1999) has pio-
neered this approach in Madagascar al-

though only for leaf litter and ground fau-

na. Recent studies, still unpublished (e.g.

Fisher and Robertson in prep, for a site

near Ambositra in Madagascar), have

used a wider range of replicated sampling

techniques. Superficial general collecting

of many localities is of more limited value

than the inventory approach although it is

useful for providing distributional data.

As ants are dominant and ecologically im-

portant organisms in terrestrial ecosys-

tems, growth of collections will also con-

tinue due to the submission of specimens

by ecologists and agricultural researchers

for identification by ant systematists.

Inventory-based assessments of areas

for conservation using ants will ensure

continued funding of scientifically-based
ant collecting in the Afrotropical region,

provided there remains backup by ant

systematists. The areas to be sampled will

be largely dictated by the conservation

funding bodies and by the political stabil-

ity of the areas that need assessment. Not-

withstanding the political issues, the ne-

glected countries such as those listed

above, need attention. With this increased

ant collecting, the need for more taxonom-
ic work on ants will become all the more

apparent.
Current progress with Afrotropical ant tax-

onomy.
—Based on relative proportion o\

species, we are about 39% of the way

^( «!»-"
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through revision of the Afrotropical ant

genera to modern standards and to revise

the remaining genera would take one per-
son 21 years to complete at 'Bolton speed'.

On a world level, there are about 41

people currently working on the taxono-

my of ants. Although this seems a large

number, the productivity of most of these

taxonomists is much less than that of B.

Bolton and their work is often limited to

regional faunas. In addition, a number of

our key established 'global view' system-
atists have either recently retired or are

about to retire. We could end up with a

situation similar to that in termite taxon-

omy (Eggieton 1999) although we are like-

ly to remain stronger in terms of number
of systematists.

The low taxonomic productivity of most

ant systematists can be attributed largely
to their occupation with other endeavours:

ecological and biological research on their

study organisms, administration, contract

identification work, computer program-

ming, and teaching duties. Revising ant

genera at the rate that B. Bolton has

achieved is therefore rarely attained and

for most systematists one would need to

settle for a speed of revision at best half

or even quarter of Bolton's rate. However,
there is room for improvement and I feel

that ant systematists need to prioritise al-

pha taxonomy and not let it take a back

seat which seems to be increasingly the

case.

Unlike the situation in North America,

Europe, South America and Asia, there is

only one resident ant systematist in Africa

and hence progress with documenting Af-

rotropical ants will depend largely on the

involvement of outside 'global-view' sys-
tematists working on taxa that are repre-
sented in the Afrotropical region.

Strategies for advancing Afrotropical ant

taxonomy.
—The two goals of a strategy to

improve ant taxonomy are firstly, to en-

sure that the number oi ant systematists
does not dwindle but remains stable or

grows and secondly, to improve the effec-

tiveness and productivity of current ant

systematists. Regarding the first aspect, it

is vital that the museums holding impor-
tant ant collections are committed to em-

ploying ant systematists. It is remarkable

that the most important ant collection in

the world at the Harvard Museum of

Comparative Zoology has no full-time ant

systematist committed to alpha taxonomy
and has a curator that can work only part-
time on this vital collection. The Natural

History Museum in London, with the sec-

ond largest ant collection in the world,

should continue its support of a position
in ant systematics once the present incum-

bent retires. The South African Museum
holds the largest ant collection in Africa

and should also remain committed to sup-

porting ant systematics, especially as it is

important to maintain an ant identification

service for applied entomologists in Afri-

ca.

Training is an important aspect of safe-

guarding the future body of ant systema-
tists because filling of positions in system-
atics is usually controlled more by the

quality of the candidate than by the group
he/she works on. Hence, the contribution

to training by ant systematists at univer-

sities is essential to the future growth of

ant systematics.

Regarding the second component in the

strategy, there are five ways in which the

effectiveness and productivity of current

ant systematists could be improved: (1) In

order to cope with the conflict between

projects geared to collection growth as op-

posed to taxonomic projects, we need to

make the latter a priority and plan time to

spend on them. For instance, university
lecturers often find it easiest to plan time

for taxonomic work over the King vaca-

tions. (2) Dedicated funding of ant taxo-

nomic revisions along the same lines as

the Australian Biological Resources fund-

ing for catalogues, in which money is al-

located in proportion to the size of the tax-

on, would be ideal for improving goal-set-

ting and productivity. In reality, this type
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of funding is rare because a taxonomic re-

vision does not answer applied problems

directly. (3) A more realistic approach to

obtaining funding for ant taxonomy
would be to link it to more easily obtained

funding for applied field-based projects.

Funding from these projects can be used

for employing and training parataxono-
mists for time-consuming sorting, mount-

ing and curation of ants. Funding bodies

should commit themselves to permitting a

direct taxonomic component in the project

so that there are funds to employ people
to measure specimens and funds to visit

overseas ant collections to examine types.

Funding should also be built into these

projects for storage and curation of the

specimens. (4) There is a great need for

training of, and exchange of ideas be-

tween, established ant systematists, espe-

cially the large number residing outside

North America and Europe. Better com-

munication via e-mail would help, but the

funding of one or more training and plan-

ning meetings would be ideal. (5) As there

is still so much work to be done in revis-

ing all Afrotropical ant genera (at least 21

man-years), it is important to prioritise

groups for revision. In the Afrotropical re-

gion, the unrevised groups encountered

most frequently when identifying ants are

Pheidole, Crematogaster and Camponotus.
These groups also happen to be among
the most diverse of the unrevised genera
(Table 2) and are also among the most dif-

ficult taxonomically, either because of

worker polymorphism (Pheidole and Cam-

ponotus) or because of a paucity of external

morphological species-discriminating
characters (Crematogaster). Not surprising-

ly therefore, these groups have been
avoided and to get them done quickly it

would be best to develop a funded strat-

egy-
Ants are an economically and ecologi-

cally important group in terrestrial eco-

systems in the Afrotropical region and im-

proving their taxonomy would in turn im-

prove the networking of ecological, agri-

cultural and behavioural ant research. The

present study provides the information for

planning a funded strategy to document
the Afrotropical ant fauna. The challenge
is to create a synergy between the differ-

ent role players (systematists, ecologists,

funding bodies) so that individual efforts

are not swamped by the immensity of the

job at hand.
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